Rubinstein-Taybi syndrome (RTs) is a well known mental retardation-multiple congenital anomalies syndrome, first described in 1957, but well delineated by Rubinstein and Taybi in 1963 . 1 The incidence has been estimated to be one in every 100 000 newborns. 2 Reports of more than 1000 pa-tients have been published worldwide. 3 The syndrome is at least in part caused by microdeletions at chromosome 16p13.3 or by mutations in the gene for the CREB binding protein (CBP), which is located at 16p13.3. 4 5 As anomalies disturbing the amount of functional CBP are found in only 19% of patients, 6 it remains possible that still other genes will also prove to be causative.
The major features of RTs are mental retardation, diminished growth, broad and sometimes medially deviated thumbs and big toes, and characteristic craniofacial abnormalities, consisting of microcephaly, downward slanted palpebral fissures, hypertelorism, long eyelashes, posteriorly rotated ears, beaked nose with the columella protruding well below the alae nasi, and pouting lower lip (see Fig 1) . Data on ophthalmological findings are scarce. The number of patients reported in ophthalmological journals is small, and only a few were published in the last decade. [7] [8] [9] [10] [11] The only exception is the paper by Brei and co-workers, 8 which provide a review of glaucoma and related conditions in RTs. However, all other ophthalmological features were not described, and no series of patients were personally investigated. This prompted us to perform a detailed ophthalmological examination of a group of well defined Dutch patients with RTs, and to compare the results with those from literature.
Materials and methods

LITERATURE REVIEW
The international literature was searched as completely as possible for reports describing ocular symptoms in patients with RTs. For reports before 1990, a bibliography was used 12 ; for the more recent literature, a Medline search was performed. Most papers were dealing with symptoms in a single patient only, and most reviews paid only limited attention to ophthalmological features. Only reports describing patients in whom the diagnosis RTs was beyond doubt were included. In total, 373 publications describing features in one or more patients with RTs were available.
PATIENTS
In the Netherlands 73 patients with RTs are known (Hennekam RCM, unpublished data, 1999) . Major non-ocular symptoms in 45 of the patients have been reported before 2 and 13 others were tabulated elsewhere. 13 These data were in general in accordance with the data in other larger series of patients. 14 15 Twenty four of the published patients were selected for incorporation in the study. The selection was based solely on the distance between their homes and the institute where the investigation took place. All parents or guardians approved inclusion. The study was approved by the medical ethics committee of the Academic Medical Centre in Amsterdam.
OPHTHALMOLOGICAL INVESTIGATIONS
Complete ophthalmic examinations were performed on all patients. Visual acuity was assessed with two of the following methods: forced preferential looking, 16 matching optotypes (HOTV), 17 and Snellen visual acuity chart. Four patients could be tested with preferential looking only, because of age and mental development. Visual fields were tested with confrontation techniques. Only a limited number of patients were able to match and name colours. Therefore, testing with colour plates was not attempted. Pupillary responses, eye motility, strabismus, and the external aspects of the eyes and adnexa were assessed. Slit lamp examination was performed in all patients. Funduscopy and retinoscopy were performed after cycloplegia except in one patient, in whom installation of eye drops was refused. In this patient examination of the optic disc was possible, but a reliable assessment of the macular region could not be made. Applanation tonometry was performed in four patients only; in most patients we did not attempt tonometry because of the risk of losing cooperation.
ELECTROPHYSIOLOGICAL INVESTIGATIONS
Visual evoked potentials (VEPs) were elicited with pattern onset stimuli, 18 and recorded in all patients. Check sizes of 60', 30', 15', and 5' were used to evoke pattern onset responses. Electroretinography (ERG) was measured without sedation. Cooperation was insuYcient in six patients for this examination, leaving 18 patients investigated. ERGs were recorded with Henkes' contact lens electrodes or, in less cooperative patients, DTL electrodes. In these mentally handicapped subjects measurements according to the standard ISCEV protocol were not possible, since the ISCEV protocol is lengthy and requires the patients to be in the dark for a long period of time. Therefore, we reduced the ERG protocol to the absolute minimum: a standard ISCEV flash photopic response (with a blue background of 10 cd/m 2 ) and a scotopic response (−2.0 ND (Kodak Wratten filter) standard flash in the dark after 10 second dark adaptation). The stimulator consisted of an adapted dome, larger than normal, with mirrors, which allowed for a hospital bed with the subject lying down to be put below it. In this way, good (eye) contact of the patient with his or her parents remained possible. The recording equipment was kept in a separate room.
For this type of stimulation the normative values of the amplitudes are: scotopic (b-peak to onset) 66 (SD 27) µV; photopic (b-peak to a-peak) 137 (64) µV; mixed response (to the standard flash in the dark) 347 (94) µV (FCC Riemslag, unpublished data). Recording of the mixed response was possible in only nine patients.
Results
LITERATURE REVIEW
Eighty one reports describing 207 patients in suYcient detail were searched for ophthalmological features; 117 patients were found to have ocular abnormalities (Table 1) . External, mainly (peri)ocular findings adding to the characteristic facial appearance were described in the majority of published cases: downward slanted palpebral fissures, hypertelorism, epicanthus, long eyelashes, ptosis (either unilateral or bilateral), and strabismus (Fig 1) . The mentioning of these features depended heavily on the thoroughness of the descriptions of the patients by the diVerent authors. Therefore, these features are not specifically mentioned in the table, and tabulation was restricted to severe problems in visual acuity, lacrimal apparatus anomalies, and intraocular findings. Lacrimal duct problems (21 cases), corneal abnormalities (that is, megalocornea without glaucoma, opacities, keratoglobus, sclerocornea) (23 cases), congenital glaucoma (31 cases), congenital cataract (15 cases), and colobomata (39 cases) were the most frequently described serious ocular abnormalities. No incidence figures of the various abnormalities can be extracted from these case reports, owing to ascertainment bias and publishing of incomplete data of ophthalmological investigations in the majority of cases. In 1990, Rubinstein 14 reviewed 571 individuals with RTs gathered both from literature and from personal investigations or personal communications with other physicians worldwide. Refractive errors were seen in 56% of cases, strabismus in 71%, ptosis in 29%, and lacrimal duct anomalies in 37% of cases. No data regarding the frequency of other eye anomalies were provided.
FINDINGS IN 24 DUTCH PATIENTS
All major results are summarised in Tables 2  and 3 . Five patients (20%) were visually handi-capped with a visual acuity equal to or below 0.3. Visual fields were normal in all patients. Strabismus was found in 17 patients (67%). Refractive errors were common: six patients (25%) were highly myopic (excess of −6 dioptres). Photophobia occurred in 11 patients: in four, possible causes were found (cataract in two, corneal herpes infection in one, pterygium in one case), but in seven the photophobia could not be explained by anterior segment abnormalities. Nasolacrimal duct obstruction occurred in six cases (25%), in two of them unilaterally. Three cases had severe congenital ocular abnormalities: congenital cataract and colobomata, congenital glaucoma, and unilateral microphthalmia with congenital cataract, respectively. Two other cases had congenital cataracts that did not cause significant visual disability and were therefore left untreated. Two patients had presenile or secondary cataracts.
On funduscopy, macular abnormalities were found in 18 patients (75%). Thirteen cases had mild macular abnormalities-that is, abnormal or absent reflexes, increased reddening of the foveal area, or unusual distribution of pigmentation in the posterior pole (Fig 2) . Five cases had more severe macular abnormalities. Pigmentary macular changes and atrophy were seen in patients "n", "t" (Fig 3) , and "u". Two of these patients were myopic, but the degree of macular changes was much more severe than expected with regard to age and rate of myopia. Patient "r" showed lacquer cracks as a result of high myopia in her left eye, but her right eye, which had only mild myopia, also showed pigmentary changes. Patient "x", who had a myopia of-22 dioptres, had severe myopic degeneration. Patient "v" had a small chorioretinal coloboma (Fig 4) .
Visual evoked potentials showed an abnormal waveform in 15 patients (62.5%) with a missing striate or foveal component. In Figure  5 the responses of a subject with normal vision and fundus (VODS >1.0), a patient with RTs, and a patient with achromatopsia are shown for comparison. As is known from previous research, [93] [94] [95] the first (normal) subject shows a response composed of a striate component (predominantly negative, peak latency at approximately 110 ms), and a extrastriate component (positive negative, the positivity at about 80 ms, the negativity at 160-200 ms). As the check sizes become smaller, the striate component becomes more prominent, the extrastriate component diminishes in ampli- tude. In the (characteristic) response of an RTs patient, only an extrastriate component is seen (positive negative, P100, N180); this response diminishes in amplitude with decreasing check size. For the achromat, only the biggest check sizes (60') evoke a significant response, also only containing an extrastriate contribution (note the diVerences in the voltage scale). Of the 18 ERGs recorded 14 (78%) showed anomalies. Eight ERGs showed decreased cone responses and six ERGs showed decreased cone and rod responses.
Discussion
The great variety of ocular abnormalities, involving all eye segments, that occurs in Rubinstein-Taybi syndrome is remarkable, and provides another indication for the ubiquitous functions of CBP. Two previous studies of RTs patients 14 15 showed a frequency of ocular abnormalities comparable to the frequency of abnormalities in our patients (Table 4) . However, they did not report on retinal dysfunction, and in literature only six cases with possible retinal dystrophy were published. In these cases fundus abnormalities such as pigmentary changes, absent foveal reflexes, and/or a dystrophic retina were described. In two patients an ERG was made 32 87 ; one was attenuated. 32 In one patient 88 a VEP was made which was stated to be normal. However, the authors did not mention whether or not the VEP was a flash, pattern onset, or pattern reversal VEP. The abnormal waveforms we report on here can only be seen in pattern onset VEPs, with the standard pattern reversal responses being normal.
Approximately a third of the patients from the literature were examined by paediatricians. Routine examination by an ophthalmologist was mentioned only in a few cases. Most patients seemed to have been assessed by an ophthalmologist only if they had obvious ocular abnormalities. This may account for the higher frequency in literature of external abnormalities (that is, cornea, congenital glaucoma) compared with fundus changes. Furthermore, as in our patients, fundus changes may have been mostly mild, not leading to a diagnosis of retinal dystrophy without ERG measurements.
According to the World Health Organization definition, a person is considered visually handicapped if the person's best corrected binocular visual acuity is at or below 0.3. In this study, five patients were visually handicapped (21%). In addition, three other patients had a low visual acuity in only one eye. Although congenital or presenile cataract occurred frequently in our patients (25%), only in one patient the visual handicap was caused by cataract.
In contrast with the low incidence in literature, 78% of the present patients showed signs of retinal dysfunction as measured by ERG. In general, an abnormal ERG is caused by abnormally functioning of photoreceptors, bipolar cells, and Müller cells. Abnormally functioning of the retinal pigment epithelium (RPE) can also result in ERG disturbances, as the RPE is necessary for normal functioning of the photoreceptors. All abnormal ERGs showed a decreased cone response, indicating cone dysfunction. Seven patients had unexplained photophobia. Photophobia is often seen in patients with cone dysfunction.
The abnormal waveform in VEP testing was assumed to be caused by the abnormally functioning retina. A normal pattern onset VEP has a striate component that for the largest part is determined by foveal function. This component was missing in all abnormal VEPs. If there are no normally functioning cones, there will be an abnormal or absent striate component in the VEP. A similar waveform can be found in the VEPs of patients with total absence of functioning cones-that is, achromatopsia. 96 97 As demonstrated in Figure 5 in which the responses in individuals with RTs subjects are compared with the responses of achromat individuals, the responses share the absence of a striate component. The extrastriate component in the RTs individuals is evoked for various check sizes, whereas in the achromat people it is classically found only for the largest check sizes. This suggests in general a better visual acuity for the RTs patients compared with the achromats, which is corroborated by the presently reported findings.
In four patients the VEP and ERG were not in accordance: three times the ERG was subnormal with a normal VEP, and once a normal ERG was registered with an abnormal VEP. Because an ERG measures the overall activity of the retina, locally abnormally functioning cones can give rise to an abnormal VEP without significant influence on the ERG. On the other hand, if the dysfunction of the photoreceptors is widespread but macular vision is preserved, the ERG can be grossly abnormal with a normal VEP. 100 101 In the majority of patients in which an ERG could be measured, the ERG and VEP were in accordance (78%). Furthermore, the abnormal VEPs of patients with normal ERGs showed the same extrastriate pattern as the VEPs of patients with attenuated ERGs. Therefore, in patients in which an ERG could not be performed, we considered the abnormal VEP a sign of retinal dysfunction.
The incidence of abnormal ERGs and VEPs as well as of retinal abnormalities increases with age (Table 5 ), suggesting a progressive retinal dystrophy. However, only future careful follow up will allow any firm conclusions regarding progression with age. Retinal dystrophy comprises a genetically heterogeneous group of disorders, which can occur in a wide variety of systemic disorders. 100 101 The occurrence of retinal dystrophy in RTs means that expression of the defective gene causing RTs is also present in the retina.
In 18 patients, funduscopy, electrophysiology, or both, showed signs of retinal dysfunction, but in four patients both were normal. ERG changes occur very early in retinal dystrophy, most often before any retinal changes are seen (Table 6 ). Hence, it is less likely that in the latter four patients retinal dystrophy will yet develop, but three of these patients are still children and without follow up this can not be concluded with certainty. If retinal dystrophy will indeed not arise, this indicates phenotypic heterogeneity with regard to retinal function. It is uncertain whether this can merely be explained by the pleiotropic expression of the abnormal CBP gene in RTs, or is an indication for genetic heterogeneity in RTs. In a limited number of the present patients cytogenetic studies using fluorescence in situ hybridisation techniques, and molecular studies have been performed. All (seven) cases in whom either a submicroscopic deletion or a mutation in the CBP gene have been found until now, also showed the electrophysiological abnormalities (data not shown). This suggests that the presence or absence of the electrophysiological abnormalities may be indicative for the presence or absence of abnormalities involving the CBP gene, and suggests genetic heterogeneity. However, before such conclusion can be drawn all patients, both with and without electrophysiological abnormalities, should be investigated cytogenetically using FISH for microdeletions at chromosome 16p13.3 and molecularly for mutations in the CBP gene. Such studies are in progress. 1/5 (20%) 2/5 (40%) 2/5 (40%) 1/5 (20%) 1/5 (20%) 3/5 (60%) 2/6 (33%) 4/6 (67%) >30 0 2/5 (40%) 3/5 (60%) 0/4 (0%) 3/4 (75%) 1/4 (25%) 1/5 (20%) 4/5 (80%) 
